Elodie Mattio, Fabien Robert-Peillard, Laurent Vassalo, Catherine Branger, André Margaillan, et al.. 3D-printed lab-on-valve for fluorescent determination of cadmium and lead in water. Talanta, Elsevier, 2018, 183, pp.Abstract 12 In recent years, the development of 3D printing in flow analysis has allowed the creation of 13 new systems with various applications. Up to now, 3D printing was mainly used for the 14 manufacture of small units such as flow detection cells, preconcentration units or mixing 15 systems. In the present study, a new 3D printed lab-on-valve system was developed to 16 selectively quantify lead and cadmium in water. Different technologies were compared for lab-17 on-valve 3D printing. Printed test units have shown that stereolithography or digital light 18 processing are satisfactory techniques for creating complex lab-on-valve units. The lab-on- 19 valve system was composed of two columns, eight peripheral ports and a central port, and a 20 coil integrating baffles to increase mixing possibilities. A selective extraction of lead was first 21 carried out by TrisKem Pb™ Resin column. Then, cadmium not retained on the first column 22 was extracted on a second column of Amberlite® IR 120 resin. In a following step, lead and 23 cadmium were eluted with ammonium oxalate and potassium iodide, respectively. Finally, the 24 two metals were sequentially detected by the same Rhod-5N™ fluorescent reagent. This 3D 25 printed lab-on-valve flow system allowed us to quantify lead and cadmium with a linear 1 response from 0.2 to 15 µg.L -1 and detection limits of 0.17 and 0.20 µg.L -1 for lead and 2 cadmium, respectively, which seems adapted for natural water analysis. 3 4 Keywords: stereolithography; digital light processing; LOV-MSFIA; natural waters 5 6 Introduction 7 Cadmium and lead are two of the most concerning metals in water in the light of their toxicities 8 and their levels in the environment. Many pollution sources can cause increased levels of Cd 9
recently been developed for the iron speciation with a 3D printed device integrating analyte 23 oxidation, disk-based SPE and analyte complexation [23] . connected to a 3-way solenoid valve (S1, S2, S3) for multicommutation steps. A continuous 2 renewal of sample was done by a solenoid micro-pump (Bio-ChemValve Inc., USA) that had a 3 stroke volume of 20 µL and a high frequency of 250 cycles.min -1 . 4 For the detection, a Kontron Instruments SFM25 fluorometer (Kontron, Germany) was used 5 with a Hellma™ quartz UV flow cell. It should be noted that the spectrofluorimeter used in this 6 study can be easily replaced by a more compact detection system based on the use of a laser 7 diode for excitation and a photodiode for detection. 8 The whole system, except the fluorometer, was controlled by AutoAnalysis 5.0 software 9 (Sciware Systems SL, Spain). The LOV had the following dimensions: height 66 x width 100 x depth 17 mm. It was composed 13 by eight peripheral ports and a central port connected to S1 via a holding coil (Figure 1 ). 14 Channel inner diameters were 1.2 mm, except for mixing coil which was 0.8 mm i.d. at the 15 narrowest point. Two ports (1 and 2) were externally linked on the top of columns (C1 and C2) 16 by a 0.8 mm i.d. PTFE tubing to introduce sample and reagents. Both columns were 3D printed 17 and were independent of the LOV system so that they could be easily changed (the two columns 18 were simply screwed to two LOV inputs). C1 and C2 were respectively filled with 50 mg of 19 TrisKem Pb resin for lead extraction and 50 mg of Amberlite® IR 120 for cadmium 20 preconcentration. These columns were linked to a 184 mm long mixing coil (connected to the 21 detector via port 8). This mixing coil was designed with 2 mm wide baffles in order to break flow and increase turbulences, therefore increasing mixing capabilities of the coil. A two-way 23 microconduit allowed the introduction of detection reagents.
Materials and methods
Ports 3 and 7 were employed for sample introduction and waste, respectively. The remaining 1 peripheral ports (port 4, 5 and 6) were used for the introduction of the eluents: nitric acid (4), 2 ammonium oxalate (5) and potassium iodide (6). The complete analytical sequence for cadmium and lead preconcentration and detection is listed 6 in Table 1 and can be summarized as follows: 7 1. Conditioning of TrisKem Pb resin with HNO3 0.05 mol.L -1 : the central port (CC) of the 8 LOV is connected to the peripheral port 4 to aspirate 4 mL of nitric acid in holding coil 9 (HC) which are propelled towards C1 via port 1. 10 2. Sample introduction: the sample is loaded in HC (port 3) and then dispensed towards 11 C1 (port 1) at a flow rate of 4 mL.min -1 . Once the lead retained onto TrisKem Pb resin 12 (C1), this lead-extracted sample is reaspirated via port 8 in the HC and dispensed 13 through C2 (port 2) for cadmium extraction on the Amberlite® IR 120. 14 3. Elution and detection of cadmium: potassium iodide (0.15 mol.L -1 ) and Rhod-5N (0.2 15 µmol.L -1 ) are simultaneously dispensed respectively through C2 (port 2) to eluate 16 extracted cadmium and at the inlet of the mixing coil (S2). Measurement is based on the 17 peak height with ex = 550 nm and em = 575 nm. The first step to print a lab-on-valve, after its conception on a 3D software, was to select a 8 suitable technology. The printing of LOV units requires a good resolution on the 3 axes XYZ 9 and a high precision. Several printers have thus been tested to find the most suitable for the 10 manufacture of LOV units. The procedure for lead determination in natural waters has already been described in a previous 19 study [24] . The determination was based on selective solid phase extraction of lead on a 20 commercial resin (TrisKem Pb resin) in HNO3 0.05 mol.L -1 . For this study, the extraction of 21 lead has been studied at pH 7 in order to reuse the sample for cadmium determination.
22
The results showed that TrisKem Pb resin extracted lead more than 90% at pH 7, a result very 23 close to that obtained in the presence of nitric acid ( Fig S2) . Most of cations, including calcium 24 and magnesium, were not retained by the resin, except for iron that was partially extracted 1 Materials). For cadmium analysis, a calibration curve has been constructed with a sample 2 volume of 5 mL. Domain range was linear between 0.2 and 15 µg.L -1 , with a limit of detection Table 3 . The values obtained by the two methods were consistent.
13
For lead, the mean difference between the two methods was 1.8%, (min -6.8%; max 7.3%). The 14 results obtained for lead determination by the proposed system were compared (t test) with the 15 reference method values (AAS) and no significant differences at the 95% confidence level were 16 found. For cadmium, as the levels were below the LOD, samples were spiked to 5 µg.L -1 . The (2), DLP (4).
1 Figure 2 . Elution rate of a multi-metal solution (10 µmol.L -1 for each metal) on Amberlite® IR 2 120 H with different eluents. 
